A chemistry/physics pathway with nanofibrous scaffolds for gene delivery.
This perspective is to introduce a new pathway for non-viral gene delivery by taking advantage of nanofibrous scaffolds as gene storage devices, gene carriers and homing devices. During gene delivery to the target, the DNA has to be protected in order to pass through a set of barriers before reaching the nucleus. The DNA can form a complex with polycations, and numerous publications exist on how to stabilize the DNA fragments by natural and synthetic materials. Electrospun nanofibrous scaffolds can be used to store the DNA, especially in the form of a more stabilized polyplex, and then to deliver the DNA (polyplex) to cells that are attached to the scaffold. While each essential step has been tested experimentally, the overall yet untested process, especially for in vivo experiments, may lead to a promising specific approach for gene/drug storage and delivery. The pathway described herein is based mainly on our understanding of the physics and chemistry of gene storage and delivery processes, in contrast to using pure biological concepts. Novel biodegradable, biocompatible nanofibrous materials with imbedded DNA (e.g., in the polyplex form) can then be designed to fabricate an intelligent scaffold for gene delivery. To achieve the above goal, the first step is to stabilize the DNA so that it can be incorporated into nanofibrous scaffolds. In this respect, we shall discuss the different methods of DNA/gene condensation and complex formation, and then explain the strategy used to incorporate DNA into electrospun nanofibers. Solvent-induced DNA condensation and then encapsulation were achieved. However, the released naked DNA was not sufficiently protected for gene transfection in cells. The objective of the current perspective is to suggest that, instead of the solvent-induced DNA condensation, one can combine the recently developed polyplex formation by using branched polyethyleneimine (bPEI). More importantly, free bPEI can be incorporated into the nanofibers separately so that during the gene delivery step, the presence of a predesigned amount of free bPEI can greatly increase the gene transfection efficiency, as has been reported recently by Chi Wu and his coworkers. Thus, a physics/chemistry-based pathway that utilizes nanofibrous scaffolds for gene delivery is within reach.